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isolation of the fault to a single component. The failure 
detection and isolation (FDI) function is therefore central 
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and negative-going sine sweeps are classical indicators 0 
nonlinear behavior. An approximate representation of the 
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each end. The additional dof is clearly helpful with the 
error in first mode frequency for that model being less than 
5 percent for all truss lengths. But the four dof model 



First Mode Frequency 



Figure 1. First Frequency for a Cantilevered Truss with Varying Number of Bays 



Figure 2. Percentage Error of Equivalent Beam Models From Truss Finite Eleme 
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also predicts the first mode frequency within 5 percent if 
the truss has more than 6 bays. 
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indicators of nonlinear behavior. It can be seen that at 
low amplitude, these backbone curves indicate the same 
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Figure 5. Response at End of Bay 2 to Transverse Sinusoidal Forcing at tip of Five 
Bay Truss with Linear Joints Modeled by Equivalent Finite Element Beam 
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Figure 6. Response at End of Truss to Transverse Sinusoidal Forcing at Tip of Five 
Bay Truss with Linear Joints Modeled by Equivalent Finite Element Beam 
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Figure 7. Response at End of Bay 2 to Transverse Sinusoidal Forcing at tip of Five 
Bay Truss with Hardening Gain Change Joints Modeled with Nonlinear Equivalent Beam 
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broader than in the previous examples. 

A particularly difficult aspect of dealing with 
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Figure 9. Response at End of Bay 2 to Transverse Sinusoidal Forcing at Tip of Five 
Bay Truss with Softening Gain Change Joints Modeled by Nonlinear Equivalent Beam 







weeg juaiBAinbg jb8ui|uon p9|ap0|/\| s;u.iop aBuBtjo ureo Bmuauos io|M ssruj_ Xeg 
9Aj g jo dji \2 6uiojog lepiosnujs 9sj0asubji o \ ssnij. jo pug jb asuodsay -ox ajnSij 

Aouanbejg 





Log of Response Amplitude 





F i 
h 

■ 


A 


Figure 11. Sliding Pin Nonlinearity 
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Figure 14. Comparison of Backbone Curves of Five Bay Truss with Hardening Gain 
Change Joints with Large Pre-load (solid line)and No Pre-load (dotted line) 
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Figure 17. Partially Deployed Mini-Mast 



Figure 18. Transfer Function from X-Axis Torque Wheel to Tip Displacement Sensor 
in Vicinity of First Bending Mode, Mini-Mast Experimental Data 
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Figure 19. Transfer Function from Z-Axis Torque Wheel to Tip Displacement Sensor 
in Vicinity of First Torsion Mode, Mini-Mast Experimental Data 
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Figure 21. Transfer Function from Z-Axis Torque Wheel to Tip Displacement Sensor in 
Vicinity of First Torsion Mode, Mini-Mast Nonlinear Equivalent Beam Analytical Model 

with Natural Joints 
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transfer functions for the system with the H infinity 
controller are shown in Figure 22. The controller was 
ripqinnpri nn the basis of a linear model which used the 
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Figure 23. FDI block diagram. 
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The Mini-Mast at Langley Research Center has three 
actuators: the three torque wheels at the top of the mast, 
and many sensors. Most of these sensors are displacement 



sensors which measure the displacements of different points 
on the mast relative to the building which houses the 
structure. If one were to think of these as simulating 
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failure. The identified parity relation of the same order 
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was more reliable, and the higher order identified parity 
relation, shown here, was better still. 
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FDI experiments were also conducted using data taken 
on the ACES facility at the Marshall Space Flight Center at 
Huntsville, Alabama. A schematic diagram of that facility 
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Figure 28. SSPR for Z-axis gyro failure, 20 lags, IT,. The residual was filtered 
with the postfilter. The gyro has failed to zero at sample number 255. 
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Figure 29. DSPR for X-axis accelerometer failure, (11,10) lags, IT,. 

Top: residual with sensor pair (X-axis accelerometer, Y-axis accelerometer); 
Bottom: residual with sensor pair (X-axis accelerometer, Z-axis gyro). 

The X-axis accelerometer has failed to zero at sample number 236 . 





0 100 200 300 400 500 

Sample number 


xlO ' 3 



Figure 30. DSPR for Z-axis gyro failure, (11,10) lags, IT,. The gyro has 
failed to zero at sample number 286. The residual at the top was constructed 
from the pair (X-axis accelerometer, Z-axis gyro) and the residual at the bottom 
from the pair (F-axis accelerometer, Z-axis gyro). 


33 









Figure 31. SAPR residual for y-torque wheel failure. In this simulation the 
torque wheel was in a failed state between samples 213 and 284. 



Sample number 


Figur© 32. SAPR residual for y-torque wheel failure with noisy measurements. 
The standard deviation of the added noise is 1% of the standard deviation of 
the measurement. The torque wheel was in a failed state between samples 213 
and 284. 
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Figure 33. Contribution r y and r u to the SAPR residual for K-torque wheel. 
The standard deviation of the noise is 1% of the standard deviation of the 
measurement. The torque wheel was in a failed state between samples 213 and 
284. 




is shown in Figure 34. It is an assembly that mimics 
microwave reflector mounted on a flexible mast. It i 
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actuator command signals to the parity relations are so 
smaller than the contributions of the measurements that 
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Figure 34. Schematic diagram of the ACES mast. 
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Figure 38. DSPR residual for (base gyro, tip gyro) pair. The tip gyro failure 
was introduced at t = 50 seconds. 
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Figure 39. DSPR residual for (base gyro, tip gyro) pair. The base gyro failed 
at t = 40 seconds. 
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Figure 41 . FDF residual r p i for Y-torque wheel failure. The failure existed 
approximately between t = 30 and t = 60 seconds. 
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Figure 43. FDF residual rj for Sensor D1 failure. A second order model was 
used for the failure modes. 
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sensors and actuators for failures. And it could work 
directly with the baseline sampling rate which might be 



